Mechanisms which inactivate NO (nitric oxide) are probably important in governing the physiological and pathological effects of this ubiquitous signalling molecule. Cells isolated from the cerebellum, a brain region rich in the NO signalling pathway, consume NO avidly. This property was preserved in brain homogenates and required both particulate and supernatant fractions. A purified fraction of the particulate component was rich in phospholipids, and NO consumption was inhibited by procedures that inhibited lipid peroxidation, namely a transition metal chelator, the vitamin E analogue Trolox and ascorbate oxidase. The requirement for the supernatant was accounted for by its content of ascorbate which catalyses metal-dependent lipid peroxidation. The NO-degrading activity of the homogenate was mimicked by a representative mixture of brain lipids together with ascorbate and, under these conditions, the lipids underwent peroxidation. In a suspension of cerebellar cells, there was a continuous low level of lipid peroxidation, and consumption of NO by the cells was decreased by approx. 50 % by lipid-peroxidation inhibitors. Lipid peroxidation was also abolished when NO was supplied at a continuously low rate (∼ 100 nM/min), which explains why NO consumption by this process is saturable. Part of the activity remaining after the inhibition of lipid peroxidation was accounted for by contaminating red blood cells, but there was also another component whose activity was greatly enhanced when the cells were maintained under air-equilibrated conditions. A similar NO-consuming process was present in cerebellar glial cells grown in tissue culture but not in blood platelets or leucocytes, suggesting a specialized mechanism.
INTRODUCTION
NO (nitric oxide) functions as an intercellular signalling molecule throughout the body. It is generated by NO synthase enzymes and, at low nanomolar concentrations, acts on guanylate cyclasecoupled NO receptors, leading to the accumulation of cGMP in target cells [1, 2] . When NO increases to the 100 nM level or beyond, there are a number of other potential targets. One of these is mitochondrial cytochrome c oxidase, where O 2 is normally reduced to water. NO binds to cytochrome c oxidase in competition with O 2 and so can act as a respiratory inhibitor [3, 4] . These higher NO concentrations can also participate in chemical reactions that generate noxious products, including combination with superoxide to form peroxynitrite [5, 6] and reaction with O 2 to generate nitrosating species such as nitrogen dioxide. With this spectrum of potential reactivity, it is important to understand how NO concentrations are regulated. This regulation may not only depend on the rate and pattern of NO synthesis but also on the rate of NO degradation. Although the mechanisms and kinetics of NO synthases are now quite well understood in biochemical terms [7] , little is known regarding how NO is inactivated.
Several putative NO-consuming pathways have emerged. Wellknown reactions include that of NO with haemoglobin in circulating RBCs (red blood cells), although the extent to which this reaction contributes to biological inactivation remains unclear [8] . The simple reaction of NO with O 2 (autoxidation) is accelerated in the hydrophobic interior of biological membranes [9] , but is too slow to account for NO inactivation at physiological concentrations. The reaction of NO with O 2
•− may partially account for NO breakdown [10, 11] , although this process may be artificially prominent in in vitro experiments [5, 12] . Various enzymes have also been proposed to consume NO [13] [14] [15] [16] [17] [18] .
We have previously reported that suspensions of cells from a brain region (the cerebellum) rich in the NO-cGMP signalling pathway consume NO rapidly [19] . This sink functions to convert different physiological rates of NO formation into low plateau concentrations, the values of which are proportional to the NO release rate. When confronted by enduring NO release, however, the consumption mechanism fails. Further investigation [20] revealed that NO inactivation is preserved in rat brain homogenates, that it requires O 2 and that it ultimately generates NO 3 − as the end product. Moreover, the NO-inactivating activity in homogenates was found to be lost after treatment with proteinase K or heat, indicating the involvement of a protein. Tests for an array of candidate enzymes including cytochrome c oxidase, lipoxygenases, peroxidases, prostaglandin H synthase and a flavohaemoglobin-like NO dioxygenase, however, proved negative. In the present study, we report on the identification of the prominent NO-degrading process in isolated brain cells and in brain homogenates, which, it transpires, is not dependent on protein but on lipid. Inhibition of this mechanism revealed another O 2 -dependent NO-degrading process.
EXPERIMENTAL

Brain homogenate preparations
Whole brain homogenate (∼ 20 mg of protein/ml) was prepared from 8-day-old Sprague-Dawley rats by sonication in 20 mM Tris buffer (pH 7.4). The homogenate was either stored at − 20
• C until
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use or was further fractionated by centrifugation (at 4 • C). After an initial spin (10 000 g for 30 min), the pellet was discarded and the supernatant was further spun at 100 000 g for 1 h. The resultant pellet was resuspended in Tris buffer (20 mM) at 10 mg of protein/ml, whereas the supernatant was spun overnight at 2000 g through 10 000 kDa cut-off filters (CENTRIPLUS ® ; Millipore UK, Watford, Herts., U.K.). This procedure was used to remove free haemoglobin without compromising NO consumption on recombination with the pellet (see the Results section). The 100 000 g pellet and the filtered supernatant were stored at − 20
• C until use.
Further purification of the pellet fraction was undertaken at 4
• C using HPLC equipment and columns from Amersham Biosciences (Little Chalfont, Bucks., U.K.). The active component in the pellet was solubilized by the addition of 0.5 % CHAPS. This solution was spun at 100 000 g for 1 h and the active supernatant decanted. The supernatant was then applied to a DEAE column (HiPrep TM 16/10 Sepharose DEAE) at a rate of 0.5 ml/min, and the column was washed with 5 vol. of 20 mM Tris/HCl and 0.5 % CHAPS (buffer A). More than 95 % of the activity bound to the DEAE column. A NaCl gradient (0-1 M) in 20 mM Tris/HCl and 0.5 % CHAPS (buffer B) was then applied to the column at a rate of 0.5 ml/min. All fractions were assayed for protein, and for activity after recombination with filtered supernatant (see above). The most active fractions were pooled and transferred back into buffer A using a 25 ml desalting column (HiPrep* 26/10 Desalting Column). These pooled fractions were then concentrated into a volume of < 200 µl by centrifugation at 2300 g for 2 h using a 5 kDa cut-off filter (Microcon filters; Millipore UK) and then applied to a size-exclusion column (Superdex 75) at a rate of 0.1 ml/min. The most enriched fraction was identified and examined by matrix-assisted laser-desorption ionization-time-offlight MS [21] . Ultimately, this fraction was analysed for its lipid content (Lipid Analysis Unit, The Scottish Crop Research Institute, Dundee, Scotland, U.K.).
Cell preparations
Acute cerebellar cell suspensions (20 × 10 6 cells/ml; 1.25 mg of protein/ml) were prepared from 8-day-old Sprague-Dawley rats by the method described in [22] except that the pups were not pretreated with hydroxyurea. The cell incubation medium contained (mM): NaCl (130), KCl (3), CaCl 2 (1.5), MgSO 4 (1.2), Na 2 HPO 4 (1.2), Tris/HCl (15) and glucose (11) adjusted to pH 7.4 at 37
• C. To determine the RBC content of the cerebellar cell preparation, the suspension was diluted 1:4 into 4 % (w/v) paraformaldehyde in 0.1 M phosphate buffer (pH 7.4) and fixed for 2 h at room temperature (22 • C). Fixed cells were mounted on gelatin-coated microscope slides; RBCs were identified by their morphology and brightness under phase-contrast microscopy. The percentage of RBCs was calculated from four fields for each of 2-3 slides per preparation.
To prepare RBCs, blood from 8-day-old rats was centrifuged at 100 g for 5 min and the pellet was resuspended. The cells were then taken through the same procedure as the cerebellar tissue (except that they were not triturated and were collected by centrifugation) to be comparable with the blood cells contaminating the cerebellar cell suspension (see the Results section). Final concentrations [(0.1-0.4) × 10 6 RBCs/ml] were prepared by resuspension in the above cell incubation medium.
Primary cultures of cerebellar mixed glia were prepared from 8-day-old Sprague-Dawley rats by adaptation of a procedure described elsewhere [23] . In brief, cells were seeded at a density of 25 × 10 6 cells/600 cm 2 dish (Nalge Europe, Hereford, U.K.) precoated with poly(D-lysine) (2 µg/cm 2 ). The cells were maintained in 60 ml of growth media containing minimal essential medium (50 %), heat-inactivated horse serum (25 %, v/v), Hanks balanced salt solution (25 %) and penicillin/streptomycin (100 units/ml and 100 µg/ml respectively), buffered to pH 7.3 with Tris (5 mM) and NaHCO 3 (0.35 g/l) in a humidified incubator at 37
• C. Media were changed on the following day and every 2-4 days thereafter, and cells were used after 6-7 days. Before use, cultures were washed twice with 50 ml of incubation medium (as used for the acute cerebellar suspensions but lacking calcium), detached by application of 25 ml of trypsin/EDTA-containing solution (Life Technologies, Paisley, Scotland, U.K.) for 15 min at 37
• C and resuspended at (0.5-3 × 10 6 /ml) in incubation medium lacking calcium.
Platelets and leucocytes were prepared by collecting whole blood from adult Sprague-Dawley rats (3-5 rats/experiment) into acid citrate dextrose solution (12.5 %) and centrifuging at 300 g for 10 min at 20
• C. The platelet-rich plasma was withdrawn and re-centrifuged. Leucocytes were collected and resuspended (1 mg of protein/ml) in incubation medium containing 137 mM NaCl, 0.5 mM MgCl 2 , 0.5 mM NaH 2 PO 4 , 2.7 mM KCl, 25 mM Hepes and 5.6 mg mM D-glucose (pH 7.4) at 37
• C. The platelet-containing supernatant was centrifuged at 2000 g for 10 min (20
• C) and the platelet pellet was resuspended (1 mg of protein/ml) in the same buffer as that used for leucocytes.
NO and O 2 measurements
NO consumption by whole brain homogenate (0.3 mg of protein/ml), the filtered supernatant (diluted 1:5 or 1:10) and/or the 100 000 g pellet (0.1 mg of protein/ml) and each of the cell suspensions (concentrations as above) was studied after the addition of the NO donor diethylenetriamine/NO adduct (DETA/NO; Alexis, Nottingham, U.K.), which was prepared in 10 mM NaOH and kept on ice until use. The homogenate and pellet were sonicated briefly before use. For measurements of NO and O 2 concentrations, samples (0.5 or 1 ml) were incubated in a stirred chamber (at 37
• C) equipped with an O 2 electrode (Rank Brothers, Bottisham, Cambs, U.K.) and an NO electrode (ISO-NO; World Precision Instruments, Stevenage, Herts., U.K.). Except where indicated otherwise, the chamber was sealed and all experiments contained superoxide dismutase (1000 units/ml). Other stock solutions (all obtained from Sigma, Poole, Dorset, U.K.) were as follows: AO (ascorbate oxidase; 1000 units/ml) was prepared in distilled water, DTPA (diethylenetriaminepentaacetic acid; 10 mM) in equimolar NaOH, and Trolox (100 mM) in DMSO. The final DMSO concentration did not exceed 0.1 % in any experiment. Protein concentrations were measured by the bicinchoninic acid method.
Lipid peroxidation assay
Liposomes were formed at room temperature by the addition of 74 µg/ml phosphatidylcholine, 74 µg/ml phosphatidylethanolamine, 26 µg/ml phosphatidylserine and 6 µg/ml phosphatidylinositol to 20 mM Tris buffer containing 0.05 % CHAPS, followed by sonication for 2-3 min. The levels of TBARS (thiobarbituric acid-reacting substances) were determined using a published assay [24] . Briefly, samples were inactivated by adding to trichloroacetic acid (10 %, w/v) at 4
• C and were centrifuged to remove the precipitated protein (2000 g, 10 min). The supernatant was added to a mixture of thiobarbituric acid (0.67 %, w/v) and butylated hydroxytoluene (10 %, w/v) and then heated to 90
• C for 30 min. After cooling to room temperature, the absorbance of the solution was measured at 510 and 532 nm and the absorbance ratio (532-510 nm)/510 nm was calculated. The concentration was determined by reference to malondialdehyde standards.
Figure 1 Inactivation of NO by brain tissue
Representative traces (A) and a summary of the data (B) of NO consumption after the addition of the NO donor DETA/NO (100 µM) to buffer, cerebellar cells (20 × 10 6 cells/ml; 1.25 mg of protein/ml) or whole brain homogenate (0.3 mg of protein/ml), all in the presence of 1000 units/ml superoxide dismutase. (B) NO consumption was quantified as the time taken for the NO concentration to reach 100 nM (means + − S.E.M., n = 3-4). The homogenate was used at a lower concentration compared with the cells for practical reasons: since the rate of NO consumption by the brain homogenate is linearly related to the protein concentration [20] , at 1.25 mg of protein/ml (equivalent to the protein concentration in cells), it would take more than 90 min for NO to reach 100 nM. (C, D) Representative traces and a summary of the data (means + − S.E.M., n = 3-4) respectively of NO consumption after the addition of DETA/NO to the buffer, pellet (0.1 mg of protein/ml), supernatant (10 %) or recombined pellet + supernatant.
Results are presented as means + − S.E.M., each determination (n) being made on an individually prepared and treated sample. Statistical differences were analysed using one-way ANOVA with Dunnett's post hoc test; P < 0.05 was regarded as significant.
RESULTS
NO inactivation by brain tissue
NO consumption by isolated brain cells or brain homogenates was analysed by subjecting them to the NO donor DETA/NO. The long half-life of DETA/NO (20 h at 37
• C) means that the rate of NO release will effectively be constant for several hours. When the DETA/NO (100 µM) was added to Tris buffer, the NO concentration gradually increased to a steady value of approx. 450 nM after 10 min ( Figure 1A ). During this steady state, the rate of NO release equals the rate of decay by interaction with O 2 [25, 26] . When DETA/NO was added to either cells or homogenate, a different profile was observed, in agreement with previous observations [19, 20] . Within seconds, a low plateau NO concentration was formed (24 + − 4 nM in cells, 8 + − 1 nM in homogenate, n = 3-4), but this 'clamp' ultimately became exhausted, as indicated by a secondary increase in the NO concentration ( Figure 1A ). The duration of the NO clamp was quantified as the time taken for the NO concentration to reach 100 nM, which was 0. 
Involvement of lipid
That accelerated NO inactivation was preserved (or accentuated) in whole brain homogenate provided the opportunity to identify the underlying mechanism. Subsequent to high-speed centrifugation, there was hardly any activity in either the pellet or the supernatant fraction (filtered to remove free haemoglobin), but a combination of the two reconstituted the activity ( Figures 1C and  1D ). Further purification of the pellet fraction by standard ionexchange and size-exclusion chromatography methods produced fractions that, when combined with supernatant, were enriched at least 80-fold in NO-consuming activity. Analysis of the purified fractions by matrix-assisted laser-desorption ionization-time-offlight MS revealed a strong lipid profile (results not shown), which was subsequently found to comprise 90 % phospholipid (10 % phosphatidylcholine, 19 % phosphatidylinositol, 27 % phosphatidylserine and 34 % phosphatidylethanolamine).
Inhibiting lipid peroxidation prevents NO consumption by recombined fractions
Transition-metal-catalysed reactions can result in lipid peroxidation, generating the peroxyl radical, LOO
• . NO can bind avidly 
to LOO
• and is consumed as a result [27] . To investigate whether this mechanism occurs, the effect of adding a metal chelator or an inhibitor of lipid peroxidation to the combined pellet and supernatant was tested. Preincubation with the transition metal chelator DTPA (100 µM) or the synthetic vitamin E analogue Trolox (100 µM) virtually abolished NO inactivation by the combined pellet and supernatant (Figures 2A and 2B) , while having no effect on the NO profiles obtained in buffer, or in supernatant or pellet fractions alone (results not shown).
Ascorbate in the supernatant is required for NO consumption
The formation of lipid peroxides by transition-metal-catalysed redox reactions is often enhanced by the addition of ascorbate. At low concentrations, ascorbate acts as a reducing agent and so may redox-cycle metals (e.g. Fe 3+ ) that can catalyse lipid peroxidation [28] . To determine whether ascorbate was present in the supernatant fraction, we added AO, which converts ascorbate and O 2 into water and dehydroascorbate, and measured changes in the O 2 concentration. When added to the supernatant (10 % in Tris buffer), AO (4 units/ml) caused a sharp decrease in [O 2 ] that was complete within 2 min and totalled 11.3 + − 0.8 µM, n = 4 (Figure 3A) . Further addition of AO had no effect, and no decrease was observed if AO was added to Tris buffer (results not shown). When quantified using standards (Figure 3B ), the 10 % supernatant contained 25-30 µM ascorbate. Moreover, after preincubation with AO for 3-5 min, the recombined pellet and supernatant failed to clamp NO ( Figures 3C and 3D) , and ascorbate, at the concentrations estimated to be present, was able to substitute for the supernatant. Finally, preincubation (3-5 min) of the whole homogenate (0.3 mg of protein/ml) with 100 µM DTPA, 100 µM Trolox or 4 units/ml AO almost abolished NO consumption (Figures 4A and 4B) , suggesting that the same mechanism explains the behaviour of the homogenate. The ascorbate content in the homogenate at 3 mg of protein/ml was estimated to be 54 + − 1 µM, n = 4.
The lipid in whole rat brain homogenate is mainly phospholipid, made up of 40 % phosphatidylcholine, 40 % phosphatidylethanolamine, 13 % phosphatidylserine and 3 % phosphatidylinositol [29, 30] . A preparation replicating the lipid content of a homogenate at 0.3 mg of protein/ml was tested. The final concentration was 0.2 mg of lipid/ml on the basis of the assumption that the total lipid content of rat brain is 60 mg of lipid/g wet tissue [31] . In the absence of ascorbate, the NO profile in the lipid mixture was similar to that in Tris buffer alone ( Figure 5A ). In contrast, after preincubation with 15 µM ascorbate (2-3 min), an NO clamp similar to that seen in whole brain homogenate was established ( Figure 5A ) and was maintained for approx. 35 min. There was no significant difference between the time taken to reach 100 nM NO in the lipid mix (43 + − 7 min) and in the homogenate (47 + − 2 min; Figure 5B ). To determine whether ascorbate was required for lipid peroxidation, a time course of the accumulation of the major lipid peroxidation products (TBARS) was undertaken. In the absence of ascorbate, TBARS were not detected in the lipid mixture ( Figure 5C ). In the presence of ascorbate, however, TBARS accumulated to a maximum concentration of approx. 1.3 µM within 1 h. The levels of TBARS in buffer controls were below detection limits (∼ 0.1 µM; results not shown).
Role of lipid peroxidation in the consumption of NO by brain cell suspension
The relevance of these findings in brain homogenates to the mechanism consuming NO in suspensions of living cells freshly isolated from the cerebellum was evaluated. In the presence of 100 µM DTPA, the amplitude of the plateau attained by NO concentration after exposure to 100 µM DETA/NO was increased from 24 + − 4 to 44 + − 4 nM and the duration of the clamp was decreased approximately to half the value ( Figure 6A ). Similar decreases in clamp duration were observed when the cells were preincubated (2-3 min) with either 4 units/ml AO or 100 µM Trolox ( Figure 6B ), indicating that the mechanism of NO inactivation by intact cells was partially attributable to lipid peroxidation. A significant decrease (P < 0.05) in clamp duration (from 14.1 + − 0.7 to 11.3 + − 0.5 min) was also seen subsequent to incubation with the lazaroid U-74389G (10 µM), another antioxidant [32] . To test whether there was an ongoing lipid peroxidation in the cells, the accumulation of TBARS was monitored. The quantity of TBARS in the cell preparation increased linearly at approx. 0.7 nmol · (mg of protein) −1 · h −1 for 2.5 h ( Figure 6C ). The increase in TBARS was abolished by Trolox and also by the addition of DETA/NO (100 µM; Figure 6D ). To gauge the maximum extent of lipid peroxidation in the cell preparation, excess ascorbate (1 mM) and Fe(II)SO 4 (1 mM) were added. This evoked a rapid increase in TBARS [the initial rate being approx. 4 nmol · (mg of protein)
, reaching a maximum of approx. 2.5 nmol of TBARS/mg of protein after 1 h ( Figure 6D ). No further increase in TBARS accumulation could be induced by the repeated application of ascorbate and Fe(II)SO 4 at 1.5 h (results not shown).
Contribution of contaminant RBCs to NO consumption in cerebellar cell suspensions
When lipid peroxidation was inhibited by a cocktail of AO, DTPA and Trolox, the cell preparation continued to consume NO, but the amplitude and duration were approximately half of the values found normally (Figures 7A and 7B ). The capacity of RBCs to inactivate NO is well known [33] , although we had previously discounted their contribution in cells exposed to 250 µM DETA/ NO [19] . Since the current experiments used a slower NO release rate (100 µM DETA/NO), the influence of RBCs was re-investigated. The concentration of contaminant RBCs in the cerebellar cell suspension was determined to be 1.6 + − 0.2 % (n = 4). When standard RBC suspensions (0.5-2 %) were exposed to DETA/NO, the NO concentration became clamped in proportion to the RBC concentration ( Figure 7B ) and tests on a 2 % RBC suspension showed that the combination of DTPA, AO and Trolox had no significant effect. The NO consumption in the cerebellar cell suspension in the presence of the lipid peroxidation inhibitors was similar to that obtained with a 1 % RBC suspension, indicating that contaminant RBCs accounted for much of the residual activity ( Figure 7B) .
A third mechanism of cellular NO consumption
Respiring cerebellar cells, at the concentration used here (20 × 10 6 /ml), consume O 2 at approx. 5 µM/min [19] , which inevitably causes O 2 levels in a sealed chamber (as used in the above experiments) to decrease progressively. When the experiments were repeated using a chamber open to the atmosphere (thereby keeping the suspending medium equilibrated with air), a further mechanism of NO consumption was revealed. In the presence of 100 µM Trolox and at exposures exceeding the period of consumption attributable to RBCs, the NO concentration (from 100 µM DETA/NO) became persistently clamped (approx. 20 nM NO) under air-equilibrated conditions. The level of the clamp was higher (approx. 100 nM) when the NO release rate was increased (250 µM DETA/NO), but it still endured for the duration of the experiment ( 15 min; Figure 8A ). The additional NO consumption did not appear to be due to contaminating RBCs, because RBC suspensions (0.5-2 %) incubated under the same conditions did not display a persistent component of similar magnitude (results not shown). To eliminate complications from this contaminant cell type altogether, NO consumption was measured in suspensions of glial cells from the cerebellum previously grown to confluence in tissue culture. When characterized with standard staining techniques, most of these cells (∼ 70 %) were found to be astrocytes, with 16 + − 3 % microglia and 7 + − 3 % neurons (results not shown). These cells consumed NO at a rate that depended on cell concentration (Figures 8B and 8C ). Metal chelation with DTPA or treatment with Trolox (both at 100 µM) had no significant effect ( Figure 8D ).
To investigate whether this additional mechanism of NO consumption was a general property of cells, similar studies were performed using platelets and a mixture of leucocytes from the blood. Neither of these preparations consumed NO significantly ( Figure 9 ).
DISCUSSION
Knowledge of the dynamics of NO signals in tissues is critical for understanding how it operates as a biological messenger, but the available information remains scanty. If present, NO inactivating pathways should participate in the shaping of NO signals and thereby influence their information content. The possible malfunctioning of inactivating pathways could help explain how NO contributes to tissue pathology. Using a suspension of brain cells as a model system, we have identified lipid peroxidation as one mechanism contributing to their avid consumption of NO and looked for a further mechanism beneath. The preservation of NO-consuming activity in brain homogenates prompted a purification strategy that led to the identification of two components: lipid in the pellet fraction and ascorbate in the supernatant. That NO consumption in the homogenate could be replicated simply by combining brain lipids and ascorbate, both at their naturally occurring levels, indicates that these ingredients are sufficient to explain the observed activity. Evidence that the lipids in this mixture underwent peroxidation, combined with findings that NO consumption was blocked by procedures that inhibit lipid peroxidation, strongly suggest that this process is responsible.
Lipid peroxidation is initiated by radical species such as the hydroxyl radical (OH • ), which can abstract a hydrogen atom from unsaturated lipid, thus generating a lipid radical (L • ) and water. The lipid radical can combine with O 2 , forming the lipid peroxyl radical (LOO • ). In addition to being capable of reacting further with unsaturated lipid, LOO
• reacts with NO at a near-diffusion-
The resulting (transient) LOONO has been suggested to have two fates, rearrangement to a more stable LONO 2 or cleavage to give LO
• (which may further react with NO, forming LONO) and
• NO 2 [27] . In the absence of any other target,
• NO 2 might further react with NO to generate N 2 O 3 , which ultimately will hydrolyse to NO 2 − . Our previous finding that NO consumption was O 2 -dependent [20] is consistent with lipid peroxidation being responsible and the identification of NO 3 − as the end-product in brain homogenates can be explained by the NO 2 − being oxidized by oxyhaemoproteins [35] . •− or ascorbate may aid in the mobilization of this iron to participate in OH
• formation [37] . In vitro, trace catalytic metals are found in salt and buffer solutions, with iron often reaching 1-10 µM and copper reaching 0.1 µM, or they may be introduced into solution, e.g. from Hamilton syringes [28] . The ability of DTPA, which chelates transition metals, to inhibit NO consumption in the homogenate (or recombined pellet and supernatant fractions) indicates that the metal-catalysed reaction was the one initiating lipid peroxidation.
Fenton chemistry is substantially enhanced by redox cycling of the catalytic transition metal (reduction of Fe 3+ to Fe 2+ or that of Cu 2+ to Cu + ), which can be performed by ascorbate [28] , thereby explaining the involvement of ascorbate in this component of NO consumption. Brain ascorbate is an important antioxidant, existing at an average concentration of several mM in vivo [38] . However, lower (µM) concentrations are pro-oxidant, and this 'cross-over' effect is dependent on the concentration of catalytic metals present [28] . The requirement for ascorbate explains the previous results that NO consumption was decreased by heat and incubation with proteinase K [20] . Ascorbate is readily oxidized and increasing the temperature accelerates its degradation [39] . After incubation with proteinase K (using the same method as before), the loss of NO consuming activity could be reversed by ascorbate (15 µM) , indicating that the procedure led to ascorbate depletion (result not shown).
In freshly prepared suspensions of cells from the cerebellum, NO consumption was significantly attenuated by the application of DTPA, AO or Trolox. This, together with evidence that there was an ongoing lipid peroxidation in the cell suspensions, inhibitable by Trolox, indicates that NO was undergoing partial inactivation by reaction with lipid peroxides. DTPA and AO are cell-impermeant, although Trolox will access the cell membrane. Since all three compounds were similarly effective, lipid peroxidation is probably being initiated by the metal-catalysed Fenton reaction extracellularly, promoted by ascorbate leaking from the cells [38] . NO itself, released at a rate of approx. 100 nM/min (from 100 µM DETA/NO), was a highly effective inhibitor of lipid peroxidation, in accordance with previous evidence that 
Figure 9 NO consumption in different cell types
Traces of NO accumulation (means + − S.E.M., n = 3) after the addition of 100 µM DETA/NO to the buffer or to suspensions of leucocytes, platelets or mixed glial cells (1 mg of protein/ml each). NO concentrations were recorded in an air-equilibrated chamber.
NO can perform this function [40] [41] [42] . The interrelationship between NO inactivation and inhibition of the process on which it depends explains why this component of NO consumption in the cell suspensions is saturable [19] and that it can be regenerated after prolonged periods without added NO [20] when, probably, significant lipid peroxidation resumes.
The results illustrate the ease with which freshly isolated brain cells become oxidatively stressed and the effect this has on their handling of NO. Apart from their cautionary value for experiments using NO in vitro, the findings may also be pertinent to the multiple situations in vivo in which there is enhanced lipid peroxidation, such as in neurodegenerative disorders, cardiovascular disease, asthma and diabetes [43] [44] [45] [46] [47] . Although lipid peroxidation itself is injurious to cells [48, 49] , the attendant consumption of NO may be sufficient to inhibit local NO signalling and contribute to tissue damage by, for example, decreasing the blood flow. In contrast, the results show that continuous low rates of NO release are capable of stopping lipid peroxidation in cells, an effect consistent with previous work using low-density lipoprotein [40] . The finding that physiological rates of NO release are effective lends support to the concept of NO serving as a protective mechanism under conditions of oxidative stress.
The elucidation of the primary mechanism of NO consumption in cerebellar cell suspensions enabled the operation of a further mechanism (in addition to that explicable by contaminant RBCs) to be revealed. This mechanism was enhanced when the concentration of O 2 was increased and was preserved in cultures of cerebellar glial cells. These non-neuronal cells are unlikely to be the only ones possessing NO-degrading activity in the cerebellum, however, since acutely isolated cerebellar cells (prepared to the same protein concentration) are even more active but contain <10 % glia. Nonetheless, this did not appear to be a general property of cells, because neither platelets nor leucocytes consumed NO, indicating that it may be a specialized process. Whether or not it is similar to the one inactivating NO in some tumour cell lines remains to be investigated [16] , but it is notable that little NO consumption was apparent in homogenates when the lipid peroxidation-dependent mechanism was inhibited ( Figure 4A ), suggesting that, as in the cell lines [16] , much of the activity is lost on homogenization. This lipid peroxidation-independent NO consumption appears to be the dominant mechanism in intact brain slices [50] (C. Hall, unpublished work) and its activity could explain the remarkable resistance of intact brain tissue to the toxic effects of endogenous and exogenous NO [51] .
